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1.0 EXECUTIVE SUMMARY

Purpose of This Document

This document is in support of applications for permits
to construct expansion facilities at the Prudhoe Bay 0il Field,
Alaska in accordance with the requirements of the Environmental
Protection Agency's (EPA) Prevention of Significant Deteriora- ‘
tion (PSD) regulations, promulgated June 19, 1978.%* This docu-
ment is presented by Sohio Petroleum Company (SOHIO) and ARCO ‘
0il and Gas Company (a division of Atlantic Richfield Company) |
(ARCO), on behalf of the Prudhoe Bay Unit Owners. |

Background

0il production from the Prudhoe Bay Oil Pool began in
1977. During the past two years continued field development
including facility expansions have brought the current produc-
tion to approximately 1.2 million barrels of oil per day.
Approval for the latest facility expansion was granted by EPA
Region X in May 1979 for the installation of several new gas-
fired turbines. The Unit owners have determined that further
facility expansion is required to increase o0il recovery and
field oil offtake rates. These expansions include facilities
for Produced Water Injection (PWI), Artificial Lift (AL), Low
Pressure Separation (LPS) and Waterflood (WF). New facilities
for PWI, AL, LPS and ancilliary equipment are covered in this
document. The new Waterflood facilities are covered under a

separate PSD application.

*Operators are aware, as a result of Court decisions, that change
to the present PSD regulations have been proposed.



Project Description

The new PWI, AL, and LPS projects represent the appli-
cation of proven technologies to increase oil recovery and to
maintain crude oil production from the Prudhoe Bay reservoir.
Produced Water Injection (PWI) involves separating and injecting
water produced with the oil back into the ground. Artificial
Lift (AL) involves artificially "lifting' the crude oil up the
well with natural gas. The Low Pressure Separation (LPS) project
is required to reduce the wellhead pressure in the surface

separation process as reservoir pressure declines.

Project Schedule

Procurement will be initiated in early 1980 and will
not be completed until the end of 1984. Module fabrication will
begin in mid-1980 and will continue through the end of 1984.
Installation will begin in mid-1981 and continue through the
latter part of 1985. Start up of the PWI, AL and LPS projects
will be continuous over approximately 3% years starting in 1982

and ending in 1985.

Air Pollutant Emissions Sources

Atmospheric emissions from the new PWI, AL and LPS
facilities will be produced by about thirty-one (31) gas-fired
heaters totaling 1,520 million Btu/hr and approximately 42 gas-
fired combustion turbines totaling 827,000 horsepower. These

sources will have total potential emissions as shown below.

Pollutant Potential Emissions Tons/Yr
NO>< 22,645
HC (total) 744
CcO 4,099
TSP 586
S0, 18
1-2



- Eay oS | am o= N

- .

o=

PSD Applicability

The new PWI, AL and LPS facilities are subject to PSD
review because they have the potential to emit NO_, CO, and TSP
in excess of 250 tons/yr. Although total hydrocarbon emissions
may exceed 250 tons per year (based on estimates made using EPA
emission factors), non-methane hydrocarbon (NMHC) emissions will

be less than 250 tons per year.

Because of the low NMHC emissions and the lack of
evidence for significant photochemical formation of ozone in the
Prudhoe Bay area, an analysis of the impact of NMHC emissions on
ozone levels was not performed. Rather, the impacts of total
hydrocarbon emissions on the federal 3-hour (6-9 a.m.) NMHC
guideline of 160 ug/m® were predicted and shown to be low (9.6

ug/m® as compared to an estimated background of 40 ug/m’).

Control Technology Review

All applicable state and federal emission regulations

will be met.
The proposed sources will emit more than 50 tons/yr of
NO_, HC, CO and TSP and therefore, Best Available Control Tech-

nology (BACT), must be applied to these emissions.

--For Combustion Turbines--

NO - BACT is natural gas-firing. Dry controls of
NO, were determined to be commercially unavailable
within the time frame defined for the desired

application. Water or steam injection are neither
technically plausible, environmentally acceptable,

nor economically feasible for use on the North

1-3
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Slope. Firing with oil would yield more emission

of all pollutants than gas-firing.

TSP - BACT is natural gas-firing. There is no

alternative which produces lower TSP emissions.

HC, CO - BACT is ''mo control'. Reducing HC and
CO emissions would increase NO  emissions. This
would be counterproductive to overall emission

control.

--For Process Heaters--

NO, - BACT is natural gas-firing. High efficiency
NO_ removal systems such as off-stoichiometric com-
bustion are still in the unproven stage and should
not be experimented with in the harsh Arctic en-
vironment. More commonly used NO  controls such

as controlled combustion have the potential for
maintenance and safety problems because of the
environment. Also, most of the heaters are too
small to make control investments economical when

compared with benefits.

HC, CO, TSP - BACT is natural gas-firing. No

alternative controls are available to achieve

lower emissions than natural gas-firing.

Air Quality Review

The Prudhoe Bay area is an attainment PSD Class II
area for all criteria pollutants. The results of the air quality

impact analyses show that none of the National Ambient Air



Quality Standards (NAAQS) or applicable PSD increments are
exceeded as a result of emissions from the new PWI, AL, and LPS
facilities. Baseline air quality concentrations were calculated
by adding dispersion model predictions for baseline (non-PSD)
sources, both Unit and non-Unit, to background levels estimated
from ambient measurements. PSD (increment consuming) sources
modeled include 1) all sources permitted in the Unit's 1978 PSD
application (approved May 1979), and 2) all proposed sources for
PWI, AL, and LPS. |

The pollutant of primary concern for this application
is NO, for which there is an annual NAAQS limit of 100 ug/m?.
Dispersion modeling results show that the highest predicted NO:
concentration from all sources, including existing sources and
background, is 69 ug/m®. The contribution of the PWI, AL and
LPS sources to this maximum is about 1 ug/m®. The highest annual
NO2 contribution predicted for the proposed PWI, AL and LPS
sources is 6 ug/m® at a point where the total impact of all

sources is 13 ug/m?.

Stack heights will not exceed Good Engineering Practice
(GEP) heights. The potential impact from downwash from heater

stacks was analyzed and was shown to be insignificant.

Existing Air Quality

The Unit is currently conducting a one-year ambient air
monitoring program at two sites on the North Slope for NO,, TSP,
ozone, CO, HC, SO, and meteorology. Descriptions of the equip-
ment, operations and quality assurance procedures have already
been provided to EPA Region X and the State of Alaska Department
of Environmental Conservation (DEC). The first quarterly data
report (March-June 1979) submitted separately, shows that all

1-5




for example, are less than 5 percent of the standard.

Maximum l-hour ozone levels measured at the Unit sta-
tions peaked in April at levels less than half the standard.
Seasonal variation is expected to be small. Five years of research
by NOAA at Point Barrow suggest that the monitors have either
already measured the peak ambient ozone concentrations for the

vear or have measured levels close to the peak.

Impacts on Visibility, Soils and Vegetation

The impact on visibility, soils and vegetation in the
Prudhoe Bay area resulting from-emissions of the new facilities

will be negligible.

Impacts of Construction and Growth

pollutant levels are low, well within NAAQS. Measured NO, levels,
\
\

The impact of construction of the new facilities on
air quality will be small largely due to the fact that all equip-
ment will probably be fabricated at existing sites in the con-
tiguous United States. Reasonable precautions at Prudhoe Bay
will be taken to minimize fugitive dust emissions during site

construction in accordance with state criteria.

There will be little secondary growth accompanying the

operation of the new facilities.
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2.0 INTRODUCTION
. Applicant Information

This application is a dual application by SOHIO Petro-
leum Company (SOHIO) and ARCO Oil and Gas Company (a division
of Atlantic Richfield Company) (ARCO), operators on behalf of
the Prudhoe Bay Unit. Addresses and contacts are as follows:

Owners
Prudhoe Bay Unit

Address of Operators

SOHIO Petroleum Company
Pouch 6-612
Anchorage, AK 99502

ARCO 0il and Gas Company
Post Office Box 360
Anchorage, AK 99510

Individuals Authorized to Act for Applicants

G. Nelson

Assistant General Manager, Operations
SOHIO Petroleum Company

Post Office Box 4-1379

Anchorage, AK 99507

(907) 265-0000

P. B. Norgaard

Vice President, ARCO 0Oil and Gas Company
Post Office Box 360

Anchorage, AK 99510

(907) 277-5637

2-1



Environmental Contacts for this Project

D. F. Dias

SOHIO Petroleum Company
Pouch 6-612

Anchorage, AK 99502
(907) 265-0174

W. P. Metz

ARCO 0il and Gas Company
Post Office Box 360
Anchorage, AK 99510
(907) 265-6533

Location of Source

Prudhoe Bay Unit
Prudhoe Bay, Alaska
Approximate Center of Prudhoe Bay Unit:

Latitude: 70° 17" N
Longitude: 148° 34" W
UTM Coordinates: 440.7 East

7797.2 North




2.2 Source Information

The Prudhoe Bay Unit Operators propose to construct
additional facilities at the Prudhoe Bay 0il Field on Alaska's
north slope to maintain oil extraction rates as well as to allow
for continued expansion of the field. The location of the Prud-
hoe Bay area is shown in Figure 2-1. These facilities will

serve to:

(1) reduce surface separation pressure which is

termed Low Pressure Separation (LPS),

(2) artificially gas lift the crude oil up the
well with natural gas, termed Artificial
Lift (AL),

(3) provide for the disposal of produced water
by subsurface injection, termed Produced
Water Injection (PWI), and

(4) allow well production testing at the well
pads.

The facilities required consist of turbine driven
pumps, gas/crude oil/produced water separators, heaters, gas
treating, produced water treating, and pipelines. 1In addition,
three fuel oil storage tanks and three ullage tanks for emergency
use only will be constructed. Additional emergency flaring
capacity will be required. A schematic of the proposed systems

is shown in Figure 2-2.
Atmospheric emissions will be produced by turbines and

heaters at the gathering centers, flow stations, and the Central

Compressor Plant, and by additional heaters at the well pads

2-3
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operated on SOHIO's portion of the Prudhoe Bay Unit. The
1 . . 1 . ~ - . 10°
heaters, having an approxlimate total heat input of 1,530 x 10

Btu (1,520 mm Btu) per hour; and the turbines, operating at an
approximate total combined rating of 827 x 10% horsepower (827

MHP), will be fired by natural gas.

)

the Clean Air Act,

(@)
(W]

©)

~ - 7
ccion 4L

wn

()}

In accordance with
the Prudhoe Bay Unit Operators are applying to EPA Region X for |
a permit which will certify that the new facilities will be con-
sistent with the Act's rules for Prevention of Significant Deter-
ioration (PSD) of air quality and that they will implement Best
Available Control Technology (BACT). This document is intended

to support the granting of such a permit.
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3,0 DESCRIPTION OF THE PROPOSED EMITTING FACILITIES

Four types of facilities to be installed will generate

or will have the potential to generate pollutants. These are:

(1) Combustion Turbine Prime Movers
(2) Process Heaters

(3) Petroleum Storage Tanks, and

(4) Gas/oil/water separator vessels.

Emissions from the first three will be vented directly
to the atmosphere, although the quantities from the third source,
the tankage, will be negligible. Under normal circumstances,
there will be no emissions from the gas/oil/water separators,
since return of gas and water to the subsurface producing forma-
tion is an integral part of the present design. (Upon the
development of gas sales, gas injection will of course largely
cease). However, in an emergency and to protect lives and
the installations, some gas may be flared to the atmosphere for
minimal periods. The total horsepower and heater duty as well
as the specific turbine and heater sizes at each gathering cen-
ter, flow station, well pad, and at the Control Compressor
Plant represent current engineering design requirements. The
locations of these facilities and associated emissions sources
are illustrated in Figure 3-1. Table 3-1 lists the new emissions

sources associated with the project.

The Turbines

There are anticipated to be 42 compressor-drive
combustion-turbines installed at Prudhoe Bay. These will be
fired with natural gas from the Prudhoe Bay Field. They will
vary in approximate individual power ratings from 1,400 horse-
power to 36,000 horsepower for a combined total of 827,000

3-1
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INCREMENT L
TABLE 3-1

LIST OF ANTICIPATED NEW EMISSIONS SOURCES

Location Equipment Rating Quantity
SOHIO Gathering Center 1 Combustion Turbines 3.5 MHP 2
1.4 MHP 1
22.6 MHP 4
Gas Heaters 42.5 mm Btu/hr 2
5.0 mm Btu/hr 1
310.5 mm Btu/hr 1
SOHIO Gathering Center 2 Combustion Turbines 3.5 MHP 2
]..'—I+ :'LIP l
22.6 MHP 4
26.6 MHP 3
Gas Heaters 42.5 mm Btu/hr 3
310.5 mm Btu/hr 1
5.0 mm Btu/hr 1
SOHIO Gathering Center 3  Combustion Turbines 2.5 MHP 2
1.4 MHP 1
22.6 MHP 4
Gas Heaters 42.5 mm Btu/hr 2
5.0 mm Btu/hr 1
310.5 mm Btu/hr 1
SOHIO Well Pads A, B, Gas Heaters 10.0 mm Btu/hr 16
C; D» E7 F’ G9 H) J9 (l per pad)
M, N, Q; R; 8§ X, Y«
Central Compressor Plant Combustion Turbine 25.0 MHP 1
Gas Heater 26.0 mm Btu/hr* 1
ARCO Flow Station 1 Combustion Turbines 5.0 MHP 2
36.0 MHP 3
ARCO Flow Station 2 Combustion Turbines 36.0 MHP 4
5.0 MHP ** 2
Gas Heater 100.0 mm Btu/hr 1
ARCO Flow Station 3 Combustion Turbines 36.0 MHP 4
5.0 MHP** 2
SOHIO Gathering Centers Fuel 0il Storage 3

Tanks

* Previously permitted by State in June 1979. :
*%0ne of these units was previously permitted by the State in June 1979.

42,000 gallomns

(1 per center)
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horsepower. Because of extremely high combustion temperatures,
oxides of nitrogen (NO ) are the emissions of greatest quantity
from the turbines, but the other pollutants will also be emitted.
Emissions and stack parameters are presented in Appendix C.

The turbines will be housed in buildings of yet to be
determined dimensions, but approximately 60 feet in height.
Ducts will carry the exhaust gases through the sides of the
buildings and into stacks mounted to the sides of the buildings.
The stacks will extend to approximately 60 feet above ground

level.

These turbines will be located at SOHIO's gathering
centers, ARCO's flow stations, and the ARCO Central Compressor
Plant. The distribution of turbines among gathering centers
and flow stations will be roughly equal both in terms of number
and total capacity, about six to ten apiece representing between
99,000 and 154,000 horsepower. The Central Compressor Plant will
have one 25,000 horsepower turbine. These sites are located on

Figure 3-1.

Combusion turbines operate by drawing air through an
intake, then compressing the air with the front-end turbine
blades, and forcing the air into a combustion chamber. A very
hot flame fueled by gas or oil (gas for this application) causes
continuous rapid heating and thus expansion of air within the
combustion chamber. This expansion of air imparts a force on
the remaining sets of turbine blades, causing them to move and
the shaft to rotate. The exhaust air proceeds out the stack as
a combination of air, combustion products (CO, and H,0), and
products of endothemic reactions such as NO and CO. The gases
exit at high velocity and temperature. A typical turbine is
sketched in Figure 3-2.

3-4
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The Process Heaters

About thirty-one process-heaters will be installed at
Prudhoe Bay. These will be fired with natural gas from the Prud-
hoe Bay Field. They will vary in individual heat output capacity
from about 5 mm Btu per hour to about 310.5 mm Btu per hour.
Oxides of nitrogen (NO,) are the largest pollutant emissions from
the heaters also. Other pollutants will be emitted in small
amounts. Emissions from the heaters are presented in Appendices
B and C.

The larger heaters will be housed in buildings of
dimensions not yet designated, but not exceeding 60 feet in
height. Ducts will carry the exhaust gases through the sides of
the buildings. The stacks will extend approximately 60 feet
above ground level. As stated in the description of the turbines,
the height of the buildings will not exceed 60 feet. The smaller
heaters located at drill pads will typically have stacks 45 feet

above the ground.

A total of fifteen heaters will be located at SOHIO's
gathering centers, ARCO's Flow Station 2 and the ARCO Central
Compressor Plant. One 10 mm Btu heater will be located at each
of 16 SOHIO drill pads. In terms of heat capacity, the SOHIO
gathering centers will be the largest heater facilities with
400.5 mm Btu capacities at GC-1 and GC-3, and 443 mm Btu at GC-2.
These sites are located in Figure 3-1.

These heaters are used to heat glycol directly for
subsequent heating of building air, water, oil, and miscellaneous
items; to directly heat water and oil; or to regenerate TEG used
in natural gas dehydrating. Emissions are generated similarly
to those from the turbines, but because the flame temperature in

the heaters is lower than in the turbines, the NO yielded per
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unit of fuel burned is less. There is not a rapid expansion of
air in the heaters, so their exhaust gases have a low velocity

in the stack.

The Petroleum Storage Tanks

Three 42,000 gallon tanks will be constructed at
Prudhoe Bay for storing fuel oil. The fuel o0il will be used for
emergency use only. A typical tank would be approximately 25
feet in diameter and 15 feet tall. They will be of the conical

fixed-roof type.

The only regulated pollutant, that will be emitted
from the tanks, is hydrocarbon vapors. However, fuels of the -
type to be stored in the tanks are not very volatile. Further-
more, because the diurnal variation in temperature is quite small

at Prudhoe Bay, breathing losses from the tanks will be small.

Some hydrocarbon emissions are forced from the tanks
when they are refilled. Still, these emissions will be small,
because the extreme cold and low volatility of the fuels will

keep the concentration of hydrocarbons in the expelled air low.

Three 100,000 gallon ullage tanks will be constructed
for the purpose of storing crude oil, if and when there is a
problem in the Alyeska Pipeline or the operating equipment of the
Prudhoe Bay 0il Field requiring a shutdown. Crude o0il is more
volatile than its fuel oil derivatives, but because the tank will
only be used for emergency purposes, emissions cannot be predicted

and are assumed to be nonexistent.

The Separators

The separators are pressure vessels in which gas and

water are removed from freshly-produced crude oil. This process

3-7



requires the addition of heat, which is supplied by the heaters.

As a result, no combustion occurs in the separators themselves.

The gases will be recovered from the separators and

not vented to the flares. However, for an emergency, additional

flare capacity is being installed to relieve gases if a dangerous

separator back pressure should build. Like those of the ullage
tank, emissions from emergency flaring are unpredictable and
would be very small. They are not quantified in this permit

application.

Emergency Flaring Capacity

As the production of the field progresses, the gas to
0il ratio will increase requiring additional gas volumes to be
handled during emergencies. Additional emergency flaring capac-
ity will therefore be installed at the three SOHIO gathering

centers.

Current projections indicate that under worst-case
circumstances additional flaring capacity of 500 MMSCFD would be
required at Gathering Center 1, an additional capacity of 400
MSCFD at Gathering Center 2, and an additional capacity of 400
MMSCFD at Gathering Center 3. However as the plant is designed
and operated to minimize frequency and duration of emergencies;
and the possibilities of ''worst case' emergencies are considered
extremely remote, the resultant emissions will be small and are

not quantified in this application.

Operating Schedule

The proposed turbines and heaters are scheduled to
operate continuously all year long and should be permitted for

such operation. No use of the ullage tank nor flaring of
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separator gases is scheduled, but infrequent operation should be

ermitted for emergency purposes.
P g y P

Milestone Schedule

A schedule of events leading to the construction and

operation of the sources to be permitted is shown in Figure 3-3.
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Figure 3-3., Summary Milestone Schedule




4.0 DESCRIPTION OF THE EXISTING ENVIRONMENT
4.1 Site Topography and Land Use

The project area lies within the Arctic Coastal Plain
of Northwestern Alaska in a region referred to as the Teshekpuk
Lake section. The area is characterized by a uniformly flat
terrain that slowly slopes downward to the coast of the Arctic
Ocean. The elevation of the area is approximately 50 feet (15
meters) above mean sea level (see Figure 4-1). Streams, chan-
nels and other drainage systems are poorly defined and small,
shallow lakes, ponds, and water-filled depressions constitute
a significant portion of the surface area. A majority of the
area, however, consists of a vegetated peaty bog formed on the
slightly elevated areas. Permanently frozen ground underlies
the entire region with the depth of the active layer (maximum
depth of thaw) commonly being no more than 1.5 to 3 feet. The

area is sparsely populated, and is used only for energy related

activities and occasional subsistence game hunting and fishing.
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100-foot and 200-foot contours are highlighted.
4-2




T AN e e . O B o N

l\
ro
(@]
i
'<J.
=
m
ot
1]

Prudhoe Bay has a very harsh, Arctic climate with
extremely cold winters and very cool summers. Precipitation
during the year averages less than ten inches, but this typi-
cally includes 30 to 50 inches of snowfall. Blowing, drifting
snow is common because of strong winds and the dry, powdery
characteristics of most of the snow. Glaze or icing conditions
are also relatively frequent during the year. Prevailing winds
are from the east-northeast (off the Arctic Ocean). Annual
average wind speeds are typically between ten and fifteen miles
per hour. However, speeds of 30 to 50 miles per hour are

common with winter storms (Ruffner, 1977).

Dispersion conditions in the project site area are
generally good, primarily because of the good ventilation pro-
vided by frequent moderate to strong winds. Poor dispersion
conditions do occur occasionally during stable conditions when
winds are very light, but periods of poor dispersion are usually

short lived.

The two nearest primary National Weather Service
stations to the Prudhoe Bay area are located at Barter Island,
which is approximately 120 miles east of the area, and at Point
Barrow, which is approximately 200 miles west-northwest of the
area. These two weather stations collect standard meteorolog-
ical parameters 24 hours a day. Within the Prudhoe Bay area,
the Prudhoe Bay Airport weather station (latitude 70° 15' N,
longitude 140° 20' W) collects maximum/minimum temperature data.
The Deadhorse Airport weather station (latitude 70° 12' N,
longitude 148° 27' W) collects wind data hourly, but temperature
data only sporadically.
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BRased on three vears of data, temperatures average
7.9°F annually at the Prudhoe Bay Airport weather station. The
coldest month of the year is February with a monthly average of
-26°F, and July is the warmest month with a mean temperature of
45.5°F (Ruffner, 1977). In comparison, the 30-year mean annual
temperatures at Point Barrow and Barter Island are 9.3°F and
10.1°F, respectively. The coldest month is February (-18.6°F
at Point Barrow and -19.5°F at Barter Island) and the warmest
month is July (38.7°F at Point Barrow and 40.0°F at Barter Is-
land). The mean number of days with a maximum temperature of
70°F or above is less than one every two years at both Point
Barrow and Barter Island. Conversely, the mean number of days
per vear with minimum temperatures of 32°F or below is 323 days
at Point Barrow and 312 days at Barter Island (National Oceanic
and Atmospheric Administration, 1978).

Precipitation on the North Slope consists mostly of
snow and is relatively light compared to most other parts of
the United States. The normal annual precipitation amounts for
Point Barrow and Barter Island are 4.89 inches and 7.05 inches,
respectively. The average annual snowfall at Point Barrow is
29.1 inches, while at Barter Island the annual average is a
significantly greater, 47.6 inches. The month with the greatest
average snowfall on the North Slope is October, with 7.2 inches
at Point Barrow and 9.8 inches at Barter Island. June has the
least snowfall with a 0.4-inch average at Point Barrow, while
July has the least snowfall (0.4-inch average) at Barter Island
(National Oceanic and Atmospheric Administration, 1978).

Ice accretion on exposed surfaces as glaze or rime
can be expected on 27 days during the year. This icing fre-
quency is the greatest in the United States, except for some

mountain tops in the Northeast (Amstead, 1978).
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Frequently, heavy fog develops as a result of high
relative humidity and causes horizontal visibility to drop to
one-quarter mile or less. Such low visibilities can be expected
on 65 days annually at Point Barrow and on 75 days annually at
Barter Island (National Oceanic and Atmospheric Administration
1978). At temperatures below -20°F, fog occurs in the form of
ice fog. 1Ice fog increases in frequency with decreasing tem-
perature and is almost always present at temperatures of -50°F
and below (Huschke, 1959).

The annual wind rose (based on seven years of data)
for Barter Island is presented in Figure 4-2. The annual wind
rose is a frequency distribution of occurrences of each of the
16 compass-point wind directions. The wind rose indicates a
bimodal frequency distribution with prevailing easterly winds.
The second most frequent wind direction is west. Wind speeds
average 11.5 miles per hour, with calms recorded 2.3 percent of

the time (National Climatic Center, 1958-1964).

The annual wind rose (based on one year of data) for
Deadhorse Airport is presented in Figure 4-3. This wind rose
also indicates a bimodal frequency distribution. East-
northeasterly, northeasterly, and west-southwesterly winds are
most frequent, in that order. The different frequency distri-
bution of wind direction at Deadhorse Airport compared to Barter
Island may result from: (1) the short sampling period at the
Deadhorse Airport versus the longer sampling period at Barter
Island, (2) a large scale effect on the synoptic flow at Barter
Island created by the Romanzof Mountains to the south; i.e.,
the mountains may divert the synoptic flow in such a way as to
partially account for the differences between the Barter Island
and Deadhorse Airport wind roses, and/or (3) the coastal configu-
ration at Prudhoe Bay compared to the coastal configuration at
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& 17.14
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Source: National Climatic Center, Surface Metcorological Tape for Barter Island, Alaska--TDF 1440
DATA FORMAT. Perior of Record 1958-1964, Asheville, NC,
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Figure 4-2. Annual Wind Rose for Barter Island, Alaska
Period of Record: 1958-1964
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Figure 4-3. Annual Wind Rose for Deadhorse
Airport, Alaska
One-year data period: 1976

Source: Dames and Moore, Prevention of Significant Deterioration Permit
application submitted by Atlantic Richfield Company and Sohio
Petroleum Company on behalf of the Prudhoe Bay Unit owners to the
U.S. Environmental Protection Agency for construction of additional
facilities at the Prudhoe Bay 0il Field, Prudhoe Bay, Alaska.

Aug. 1978.




TABLE &4-1

ANNUAL FREQUENCY DISTRIBUTION OF PASQUILL STABILITY

CLASSES AND WIND SPEED AT BARTER

ISLAND (1958-1964)

Stability

Class Definition
A Extremely Unstable
B Unstable
C Slightly Unstable
D, Neutral (day)
D> Neutral (night)

E&F Slightly to

extremely stable

Annual
Frequency

(percent)
0.02
1.23
4,98

37.47
39.94

16.37

Average
Wind Speed

(mph)

(@]
o))
—

=
I L
~ w9 vo B8

a
(@]

Source: National Climatic Center, Surface Meteorological Tape

for Barter Island, Alaska -- TDF 1440 DATA FORMAT.

Period of Record 1958-1964, Asheville,
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Barter Island. The mouth of Prudhoe Bay faces north and Dead-
horse Airport is a few miles inland southwest of the bay. In
contrast, the configuration of the coastline in the vicinity of
Barter Island is east to west with no bay. The data for Dead-
horse Airport indicate an average wind speed of 12.8 miles per
hour, with calm conditions 4.5 percent of the time (Dames and

Moore, 1978).

The annual frequency distribution of the six stability
classes for Barter Island are presented in Table 4-1. Mean wind
speeds associated with each stability class are also given.

This table indicates that neutral stability class conditions
occur about 77 percent of the time at Barter Island. Accord-
ing to Pasquill's standard method for determining stability
classes, neutral conditions generally result from moderate to
strong winds and cloudy conditions (National Climatic Center,
1958-1964). Seasonal and annual joint frequency distributions
for wind speed, wind direction, and stability class, calculated
from the Barter Island data, are presented in Appendix E,
(National Climatic Center, 1958-1964).
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4.3 xisting Air Quality

]

Determination of the impact of emissions from all
sources (including the new facilities) in the Prudhoe Bay Unit
on the National Ambient Air Quality Standards (NAAQS) requires
a determination of the existing air quality of the area. This
determination also illustrates the current status of compliance

with the National Ambient Air Quality Standards.

Background levels, estimated from current air quality
monitoring data can be added to concentrations predicted for
all the sources to predict total air quality impacts. For the
purposes of this document, the term "background" refers to the
contributions to total air quality from all anthropogenic and
natural sources outside of or upwind from the Prudhoe Bay area.

For the purposes of the PSD study, air quality data
collected at two monitoring sites in the Prudhoe Bay Unit were
used to characterize existing and background air quality levels.
Beginning on March 16, 1979 the Unit Operators began a one-year
air quality and meteorological monitoring program. The network
consists of two remote sites designed to collect both air quality
and meteorological parameters and a 200-foot communications tower
instrumented with meteorological sensors. The remote monitors
are located at Drill Site 9 and at Well Pad A and the instru-
mented tower is located at the SOHIO Base Operating Camp (Fig-

ure 4-4).

The following air quality and meteorological param-
eters are collected at each remote site:

1. Oxides of Nitrogen (NOX)

2 Nitric Oxide (NO)

3. Nitrogen Dioxide (NO;)

4 Sulfur Dioxide (SO0;)
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5. Ozone (03)

6. Carbon Monoxide (CO)

7. Total Hydrocarbons (THC)

8. Methane (CHu)

9. Non-Methane Hydrocarbons (THC-CHu)

10. Wind Speed (33 feet)

11. Wind Direction (33 feet)

12. Temperature (33 feet)

13. Total Suspended Particulates (TSP)

In addition, precipitation and visibility are measured
at Drill Site 9 (Site 2 in Figure 4-4), the upwind site, and
temperature layering heights and wind profiles are measured at

ing
o

03}

5 T Dad . 15 5 A -1 1 W . e .
N Pad A (Site 1 in Figure 4-4), the downwind site, u

an ECHOSONDE® acoustic sounder system.

The following meteorological parameters are monitored

at the 60 meter communications tower site:

Temperature 33-foot level

A Temperature 33 - 200-foot level
Wind Speed 146-foot level
Wind Direction 146-foot level
Wind Speed 200-foot level
Wind Direction 200-foot level
Wind Direction Bivane 200-foot level

1) Horizontal
2) Vertical

To support the monitoring activities a monitoring plan
entitled Ambient Air Quality and Meteorological Monitoring Plan
For Prudhoe Bay, Alaska was submitted to EPA Region X and the
Alaska DEC in late 1978.
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This document demonstrates that all siting, operating, quality
assurance, and data validation procedures employed in the net-
work operation correspond to guidelines established by the

Environmental Protection Agency.

A quarterly report presenting hourly-averages of air
quality and meteorological parameters and summary reports of the
data is being submitted separate of this application. This re-

port covers the period from March 16 until June 30, 1979.

Table 4-2 reports maximum and mean levels of NO., TSP,
S0,, CO, non-methane hydrocarbons (NMHC) and ozone (O;) measured
during the approximately 3% month monitoring period. Examination
of this table shows that measured levels for all pollutants are
well below those concentrations allowed by the National Ambient
Air Quality Standards. The results of this monitoring program
as presented in this table support the current designation of
the Prudhoe Bay area as in attainment of the NAAQS for criteria

pollutants.

Levels of pollutants measured during the 3% month
monitoring program at the two sites in the Prudhoe Bay area
should be representative of existing air quality levels in the
region. Measured levels of NO., TSP, SO., CO, and HC are low
at these sites, and seasonal variations in the levels of these
pollutants are not expected to be significant, even if somewhat
higher values are recorded during later stages of the monitoring
program. It is not likely that such higher concentrations would
anywhere approach the levels specified in the National Ambient
Air Quality Standards. In addition, modeling results presented
presented in Section 8.0 of this report show that the predicted
levels of NO, ., TSP, SO2 and CO resulting from sources in the
Prudhoe Bay area would not approach the concentrations allowed
by the NAAQS even if the highest pollutant levels measured




TABLE 4-2
MAXTMUM MEASURED POLLUTANT LEVELS (ng/m’)

IN TilE PRUDHOE DAY AREA®

Monitor Location National Ambient Air
TDrilT “Well - Quality Standards
Pollutant Site 9 Pad A Primary secondary
0>
Arith. Mean?* 1.6 2:5 100 (Annual) 100 (Annual)
TSP
Geo. Mean¥® 617 i 75 (Annual) 60 (Annual)
24 Hr. Max' 40.0 88.0 260 150
50,
~ Arith. Mean* 0.2 0.4 60 (Annual) -
L 24 Hr. Max' 4.5 9.3 265 .
il 3 Hr. Max' 11.0 18.0 - 1300
CO
8 Hr. M:xx+ 1023 1106 10,000 10,000
1 He. Max' 3340 1390 40,000 40,000
OF
++ : p . ,
1 Hr. Max 113.0 113.0 240 240
NMHC
3 Hr. Max**%(6-9 am) 210.0

106.0 -— ——-

6/31/79)

Not to be exceeded more than once per years

* Period of Record (2/16/79

Ozone standard is attained if the expecied number of days per calendar year with
maximum hourly average concentrations is <one.
**Guideline



during the 3% month monitoring program were added to these

modeling results.

The ozone levels measured thus far during the on-site
monitoring study should be representative of existing ozone
levels in the region, and also should include monitoring periods

during which maximum ozone levels are expected to occur along

the North Slope. Ozone monitoring data collected by the National

Oceanic and Atmospheric Administration (NOAA) at Point Barrow,
Alaska for the period March 1973 through December 1978 show

that maximum ozone concentrations usually occur during the mont!

of February, March, and April with secondary maxima during the
months of October and November (Oltman, 1979).

The springtime maximum occurrence noted by the re-
searchers at Point Barrow, Alaska corresponds to the time of
maximum measured ozone concentrations observed during the on-
site monitoring program at Prudhoe Bay. During the month of
April, Prudhoe Bay monitor sites 1 and 2 both recorded maximum
ozone levels of 113 ug/m®. This level compares closely to the
maximum concentration measured by NOAA during the five year
monitoring program at Point Barrow of about 100 ug/m®. Also
the average concentrations recorded in the Prudhoe Bay monitor-
ing network, ranging from about 40 to 60 ug/m?®, correspond

closely to the average concentrations measured at Point Barrow.

Mr. Sam Oltman of the Office of Geophysical Monitor-
ing of Climatic Change at NOAA stated that based on the Point
Barrow monitoring no clear causes for variations in ozone levels
along the North Slope could be identified. He was unable to
correlate the variations with the phenomenon of stratospheric
injection or with seasonal variations in incoming solar radia-
tion (Oltman, 1979).
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Background pollutant levels for use in determining
total air quality impacts on NAAQS were estimated from the data
collected during the Prudhoe Bay monitoring program. In order to
eliminate the influence of existing Prudhoe Bay area sources on
the monitors, only those periods during which the monitors were
upwind of all Prudhoe Bay sources were selected for use in the
background estimation. For each pollutant, the mean of all con-
centrations measured during the selected periods was chosen as
the background applicable for all averaging times. It was
assumed that measurements occurring during periods of east-
northeast winds at Drill Site 9 and west-southwest winds at Well
Pad A would be representative of background conditions in the

Prudhoe Bay area.
Based on these assumptions and methods, background con-

centrations were estimated for the two monitor sites and are

shown in Table 4-3.
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TABLE 4-3
ESTIMATED BACKGROUND LEVELS FOR DIFFERENT POLLUTANTS

AND PREDOMINANT WIND DIRECTIONS (pg/m’)

Predominant o Background Concentration R
Wind Direction NO, TSP S0, CO 0,4 NMHC
Fast-Northeasterly® 1 6 0 70 47 40
West-Southwesterly*¥* 0 3 0 180 56 <10

Background Level for
Determining Total Impacts 1w 9 Q¥ 180 56 40

Estimated from measurements taken at Well Pad A for the period 3/16/79 - 6/31/79

%% FRstimated from measurements taken at Drill Site 9 for the period 3/16/79 - 6/31/79

LT-%

%% Below detectability limit of instrument.
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5.0 BEST AVAILABLE CONTROL TECHNOLOGY (BACT)

The Clean Air Act requires that all new major emitting
facilities be subject to the Best Available Control Technology
(BACT) for each regulated pollutant. A major emitting facility
or source is defined as any one of 28 category sources specified
by EPA, whose uncontrolled emissions are greater than 100 tons
per year and any other source with uncontrolled emissions greater
than 250 tons per year. The projects described in this applica-
tion do not fall on the 28 category source list. An applicant
must demonstrate that BACT will be applied (Federal Register,
June 19, 1978, p. 26385) to all sources of pollutants at major
facilities for all pollutants of which a new facility('s) increases

in allowable emissions will exceed 100 pounds per hour, 1000

pounds per day, or 50 tons per year.

Table 5-1 shows that in combination the proposed
facilities will have the potential to yield a total of more than
250 tons per year of nitrogen oxides (NO ), particulates, hydro-
carbons (HC), and carbon monoxide (CO). Therefore, the proposed
facilities will constitute a major stationary source of those
pollutants. Furthermore, Table 5-1 shows that the facilities
will have controlled emissions exceeding 50 tons per year of
these same pollutants. Potential emissions for SO, will be

less than 250 tons per year.

In a manner consistent with national and EPA Region X
guidelines an analysis has been performed to determine the BACT
for the proposed facilities. The conclusions are presented in

Section 5.1 and the analyses are presented in Section 5.2.
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TABLE 5-1
TOTAL POTENTIAL AND ALLOWABLE EMISSTONS
FOR NEW SOURCES (TONS/YEAR)

HO

NMHC ! co Part- 50,2
Potential 22,645 744 4099 586 18.5
Allowable NA? NA* NA? 2895 35,527

'"Assuming all hydrocarbons are non-methane.

¢=S

2 . - . . \ .

In reality, allowable or controlled emissions of 50, and particulates
should not exceed potential levels.

'Not Applicable: The Alaska SIP does not specify allowable emission
rates for these pollutants.

Allowable and potential emissions of
these pollutants from gas heaters are Che same.




Sl Proposed Control Systems Representing BACT

The three primary types of sources of pollutant emis-
sions at the proposed facilities will be combustion-turbines,
process heaters, and fuel-storage tanks. Of the four pollutants
for which BACT was determined, hydrocarbons are the only emis-

sions potentially contributed by the storage tanks.

Nitrogen oxide (NOX) emissions from the turbines and
heaters will be kept at a minimum by burning a low organic-
nitrogen bearing fuel, natural gas. The combustion chambers of
the turbines will be designed to prohibit thermal-produced NO,
emissions from exceeding a concentration of 150 ppm,.in the flue
gas, as required by the draft New Source Performance Standards to

be proposed in the near future.

Particulate emissions from the turbines and heaters

will also be minimized by burning natural gas.

Hydrocarbon emissions will not be controlled, but the
cold arctic temperatures will tend to inhibit the emission of
hydrocarbon vapors from the fuel-storage tanks, because vapor

pressures within the tanks will be lower.

Carbon monoxide emissions will not be controlled.
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5w Alternative Systems Capable of Achieving Lower Emission
Rates and Reasons for Their Rejection
5.2.1 For Combustion-Turbines

The most promising systems from the standpoint of
minimizing NO, emissions from combustion-turbines while main-
taining a high fuel-to-power efficiency are the so-called dry
controls being incorporated into turbine combustion chambers.
One turbine-unit is presently being marketed which the manureac
curer claims will meet a limit of 75 ppm with its dry control
(Hansen, August 15, 1979). However, this unit is of the size
commonly used by electric utilities (70 Mw) and therefore is

suitable as a compressor drive umit like those proposed for the

not

new facilities. The largest proposed for use at Prudhoe Bay

are rated at about 50 Mw.

Delivery of the larger turbine to customers will no
begin until 1980 which means the production model is not commer-
cially proven. Also, because of the remote location and hostile
environment, Prudhoe Bay is not a viable place for any type of
machinery which is neither designed specifically for such an

environment, nor proven to be commercially reliable under such

conditions.

The next best system for turbines from a NO  emissions
limitation standpoint is the injection of water or steam (EPA,
September 1977, pp. 4-96). However, this control method is
highly impractical on the North Slope from the standpoint of
environmental impact, economic impacts, energy impacts, and
engineering feasibility. The associated problems stem chiefly
from the scarcity of fresh water, the extreme cold, and the

fragility of the tundra. Because of these problems, extensive
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documentation has been compiled to support using no NO_ controls
for Prudhoe Bay combustion turbines. This documentation is sum-
marized in correspondence dated August 15, 1978, from W. P. Metz,
Senior Environmental Engineer, Atlantic-Richfield Company,
Alaska Region, to Mr. Paul Boys, U.S. Environmental Protection
Agency, Region X. Other types of NO  controls such as two-stage
combustion are available, but serve primarily to reduce the pro-
duction of organic NO , which is not a significant occurrence in

natural gas combustion (EPA, September 1977, pp. 4-97).

Therefore, for this application the best available way
to minimize NO_ emissions is to burn a fuel which contains very
little organic nitrogen (EPA, September 1977, pp. 4-97). The
Unit operators propose to use natural gas from the Prudhoe Bay
fields as such a fuel. The gaseous nitrogen (N:) content of
natural gas from the Prudhoe Bay fields is typically 0.7 percent
by volume. Though this gaseous nitrogen will partially be con-
verted to thermal NO_ , the contribution to total thermal NOX
production will be very small when compared to the contribution
of the intake air which will be 78 percent gaseous nitrogen.

It is nitrogen that is bound in organic compounds in the fuel
that most readily reacts to form NO,. NO_ produced in this
manner are known as organic NO . According to EPA's Combustion
Research Branch, the firing of natural gas in turbines is likely
to produce less than half as much NO,  emissions as the firing

of Alaskan No. 6 fuel oil, because there will be no organic NO_

(Lanier, February and August 1979).

By firing with natural gas, the concentration of NO_
in the turbine exhaust gases will meet the drafted New Source
Performance Standards (Bell, August 1979) for combustion-turbines
in rural petroleum production and transportation facilities.
EPA's Office of Air Quality Planning and Standards estimates
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promulgation by Fall, 1979 of the present draft
se standards which require that
of NO_ not exceed 150 ppm at 15 percent excess air

August 1979).

A low NO emissions rate is not the only reason for
choosing natural gas firing as representing BACT. If this anal-
ysis were to include firing with oil, it would show that oil
firing would not only result in higher NO  emissions, but also
igher SO, and particulate emissions and would be less econom-

0
L1

ical.

to

w

There are no superior demonstrated alternative
gas-firing for reducing particulate emissions from combustion-
turbines. Gas-firing represents the best available particulate

emission control technology.

Hydrocarbon (HC) and carbon monoxide (CO) emissions
from turbines can be decreased by increasing the flame tempera-
ture and the combustion chamber residence time, but this
increases NO, emissions (EPA, September 1977, pp. 3-104).
Because of the relatively large quantities of NO  produced
compared to those of HC and CO, such as a trade-off would
not be justifiable. Therefore, 'mo control" represents BACT

for CO and HC.
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5.2.2 For Process Heaters

As mentioned in section 5.1, BACT for the process
heaters has been determined to be the use of natural gas (an
intrinsically low-polluting fuel) along with normal good combus-
tion practice and no air preheat. Use of natural gas will re-
duce the emissions of particulates and oxides of sulfur (SOX)
substantially, and will-reduce oxides of nitrogen (NOX) some-
what.

No alternative controls are available to reduce
particulates, CO, HC, or S0, below the levels achieved by firing
natural gas. There are several systems which can theoretically
be used to further reduce NOX emissions, but it can be shown
that each of these is unsuitable for the proposed facility

(Evans, January 1978; Siddiqi, October 1976, pp. 94-97)

Minimizing the excess air used in the combustion pro-
cess can reduce the formation of NOy. A continuous oxygen
monitor in the stack and control of combustion air flow rate is
required to maintain a low excess air level without endangering
the flame stability or increasing HC and CO emissions. This
type of control, however, has not been proven to be reliable in

the severe arctic environment. It would also require regular

maintenance and calibration, to operate effectively, and would
increase the demand for skilled technicians. Since many of the
process heaters are in remote locations and can receive only
intermittent attention from operating and maintenance personnel,
the reliability of the use of excess air as a control measure is
questionable. Although low excess air firing has been demon-
strated effective in other situations, it does slightly increase
the possibility of a flame-out. The potential results of a
flame-out (explosion and/or fire) outweigh the benefits of the

slight NO_, reduction.
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ff-stoichiometric combustion techniques (such as
staged combustion and overfire air) can also be effective at
reducing NO _ emissions from fired heaters. In these processes,
the primary combustion zone is fuel rich (with only 80 to 90
percent of the stoichiometric air being supplied) with combus-
tion being completed in a fuel lean zone at lower temperatures.
This technique increases the initial cost of the heater, some-
times results in lower heater efficiency, and has a slight ad-
verse effect on flame stability. The maintenance of flame sta-

bility at the remote unattended heaters could be difficult.

Low NO_ burners in the heaters are a potential control
measure. They reduce NO  formation by better fuel atomization,
fuel/air mixing, lower peak flame temperatures, an oxygen defi-
cient primary combustion zone, and flue gas recirculation by
eddies and swirling action. These burners cost more than ordi-
nary burners and have seen application primarily in oil firing
service. In addition, they often require instrumentation to
monitor and control the excess air in order to operate effec-
tively, and maintenance of these controls at remote sites re-

quires skilled technicians and regular visits.

Flue gas recirculation has been shown effective in
reducing NO_ emissions from utility sized boilers but has not
been demonstrated for small process heaters. This system uses
a large fan to circulate exhaust gases back to the primary com-
bustion zone, thus lowering the peak flame temperatures by
dilution. This system is expensive in terms of initial invest-
ment and upkeep. The fan imposes a parasitic power demand on
the heater, and in several cases, it has resulted in wvibrational

problems which significantly increased maintenance.

Several more sophisticated processes are available to

treat heater flue gases to remove NO  or to convert it to NO:.
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These processes, developed for large utility boilers in Japan,
would be far too expensive for use on small process heaters even
if the technology were readily available. Among these processes
are flue gas scrubbing, selective catalytic reduction with
ammonia, and thermal reduction with ammonia. However, use of

such processes results in additional solid waste and waste water

handling and treatment problems.

In conclusion, firing natural gas with good combustion
practice and no air preheat should be considered BACT for heaters.
There is a plentiful supply of natural gas which is currently
being reinjected into the ground. It's choice as an energy
source for combustion is attractive both from an economic and
an environmental standpoint. Other emissions controls remove,
at most, only 30 to 40 percent of the NO, and may remove as low
as 10 to 20 percent due to the size of the heaters. The proposed
emission reduction with the application of these controls from
these units would not exceed 1.0 percent of the total emissions
including existing and proposed sources (with recommended BACT)
from the entire Prudhoe Bay Unit and the Deadhorse area. In
addition, the harsh environment of the area causes problems
related to maintenance and reliability of heater controls.

Therefore, altérnative approaches to BACT are not as attractive.
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5.3 For Fuel Storage Tanks

Hydrocarbon emissions from the three fuel oil storage
tanks can effectively be reduced to a negligible quantity by the
use of vapor recovery. This type of control is expensive, rela-
tive to the benefit, and the proposed NSPS for Petroleum Liquid
storage Vessels (43 Federal Register 21616, May 18, 1978) requires
vapor recovery only on tanks containing a petroleum liquid with
a vapor pressure greater than 11.1 psia. The fuel oil to be
stored will have a vapor pressure of only about 0.0041 psia at
40°F. As can be seen in the emissions inventory presented in
Section 6.0, the emissions from the fuel oil storage tanks will

be negligible without vapor recovery.
The three ullage tanks will handle only crude-oil, and

the ullage tanks will always be empty and, therefore, no mechani-

are intended to be used only in an emergency. It is assumed that |
cal controls will be applied.
|
\
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6.0 NEW SOURCE EMISSIONS
6.1 Methodology for Combustion Turbines

The method used to calculate potential emissions for
gas turbines is based on the fuel gas composition or AP-42 emis-
sion factors. A typical fuel gas composition is presented in

Appendix B.

Potential emissions of nitrogen oxides are based on
proposed New Source Performance Standards for Stationary Gas
Turbines (NSPS) (Federal Register, Vol. 42, No. 191, October
1977, p. 53782). Combustion calculations were performed on the

fuel gas analysis (see Appendix B) with the result that 1 mole
of fuel yields 31.90 moles of flue gas at 15 percent excess O
on a dry basis at 25°C. Operating parameters for gas turbines
were obtained from manufacturers' data; fuel comsumption rates
were determined from these parameters. NO,, (as NO,) emissions
were then calculated at 150 ppmv of flue gas as specified in

NSPS. The equations used in performing calculations are shown

in Appendix B.

Potential emissions of hydrocarbons (HC), carbon mon-
oxide (CO), and sulfur dioxide (SO,) are based on AP-42 emission
factors for gas turbine compressor engines, Table 3.3.2-1 (EPA,
AP-42, August 1977, p. 149). HC emissions are given as total
hydrocarbons. The emission calculations are presented in Appen-
dix B.

Emission factors for particulates from gas turbines
are listed as not available in Table 3.3.2-1 of AP-42. Conse-
quently, the factor from Table 3.3.1-2, composite emission fac-
tors for electric utility gas turbines was used (EPA, AP-42 |
August 1977, p. 146).
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Allowable emissions for particulates from gas-£fired
turbines are based on the Alaska SIP, Section 50.050 (Environ-

mental Conservation, Register 42, July 1972, p. 18-5). It states

that particulate emissions may not exceed 0.05 grains per cubic
foot of exhaust corrected to standard conditions of 70°F on a dry
basis. Allowable emissions of SO, for gas turbines are based on
the proposed NSPS (Federal Register, Vol. 42, October 1977,

p. 53782). The proposed limit is 150 ppmv SO, in the flue gas

at 15 percent excess O, on a dry basis at 25°C. This is the

same as the proposed limit for NO, . The annual allowable emis-
sions for N B and S0,, as presented in Table 6-1, differ because
the molecular weights of the two pollutants are different. See

Appendix B for the emissions calculationms.

The Alaska SIP does not give flue gas concentrations
from which to determine allowable emission rates for RO, HC,
and CO. Therefore, allowable emission rates for these pollu-

tants are not presented in Table 6-1.

6.2 Methodology for Gas-Fired Heaters

The potential emissions of all pollutants from gas-
fired heaters are based on AP-42 emission factors for natural
gas combustion sources, Table 1.4-1 (EPA, AP-42, August 1977,

p. 39). The emissions calculations are presented in Appendix B.

The allowable emissions of particulates and SO, from

gas-fired heaters are based on the Alaska SIP, Section 50.050
(Environmental Conservation, July 1972, p. 18-5). The allow-

able rate for particulates is 0.05 grains per cubic foot of ex-
haust corrected to standard conditions. The allowable rate for
SO, is 500 ppm per cubic foot of exhaust corrected to standard
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TABLE 6-1

POTENTIAL AND ALLOWABLE EMISSIONS FROM PROPOSED SOURCES

Potential Emissions, Tons/Year Allowable Fmissions, Tons/Year
1 2 'y 2 3. 3 ‘ 2 $ 5 5 6 4
Source NOx HC CO Part. S02 NOX HC Co Part. S02
Cas Turbines
1,400 hp. 36.2 12 6.8 1.1 0.02 = = = 9.2 50.9
3,500 hp. ‘ 90.4 31 16.9 2.2 0.06 = = = 10.0 127.2
5,000 hp. 129.3 4.4 24.1 3:1 0.07 = - - 14.4 181,3
22,600 hp. 584.0 [19.8 108.9 | 14.4 0.40 - - - 66.1 821.5
25,000 hp. 646.0 {21.9 120.5 15.9 0.44 - - - 73,2 908.8
26,600 hp. 687.3 123.3 128.2 17.2 0.47 . = - 79.0 966.9
36,000 hp. 930.2 131.5 173.5 21.2 0.63 s = = 97.4 1308.6
7 7 S WU | I 5 5 5 ) 6 8

R R NOX HC CO Part. S0 NOX HC Co Part, S0z
5 million Btu/hr. 4.1 0.07 0.4 0.24 0.01 - - - 1.5 17.8
- 10 million Btu/hr. 8.3 0.14 0.8 48 0.03 - - - 3.1 35.7
) 26 million Btu/hr. 20,9 | 0.8 2.1 1.2 0.7 - - - 8.0 92.8
w 42.5 million Btu/hr. 35.2 0.60 3.4 2.0 0.12 - - - 133 151 .6
100 million Btu/hr. 82.7 1.4 8.0 /P 0.28 - - - 30.8 356.8
310.5 million Btu/hr. 256.9 4.4 25.0 14.7 0.88 - - - 95.5 1107.9

_Fuel 0il Storage Tank® ] 0.34 (fuel oil) o

'Based on 150 ppmv NO; in flue gas at 15 percent excess 0z, dry basis.

2Based on AP-42 emission factors for gas turbine compressor engines, table 3.3.2-1.
Jpased on AP-42 emission factors for electric utility gas-fired turbines, table 3.3.1-2.
“Based on 150 ppmv SO, in flue gas at 15 percent excess 0, dry basis.

5The Alaska State Implementation Plan (STP) does not specify allowable emission rates
for these pollutants. Hence no allowable emissions are shown.

¢Based on 0.05 grains particulate per cubic foot of exhaust from the Alaska SIP.
"Based on AP-42 emission factors for natural gas combustion devices, table 1.4-1.
%Based on 500 ppm SO, per cubic foot of exhaust from the Alaska STP.

‘Based on AP-42 calculations, section 4.3.2.1.



conditions. The emissions calculaticns are presented in Appen-
dix B and the potential and allowable emissions for heaters are

presented in Table 6-1.

6.3 Methodology for Storage Tanks

The potential emissions from the three fixed-roof fuel
0il storage tanks are based on AP-42 emission calculations found
in Section 4.3.2.1 (EPA, AP-42, August 1977, p. 163) for breath-
ing losses and working losses. The tanks will each hold 42,000
gallons of fuel oil. The emissions calculations are based on

the following assumptions:

(1) The fuel oil has the same physical prop-
erties as those given for jet kerosene in
Table 4.3-1 (EPA, AP-42, August 1977, p.
164) .

(2) A typical tank has a cone roof with a dia-
meter of 25 feet and straight sides of 15
feet, assuming that a smaller diameter
tank (taller) would reduce emissions based

on AP-42 Section 4.3.2.1 equations.

(3) The average fuel oil temperature is main-
tained at 40°F.

(4) The tanks are filled once each year and
are emptied once a year (42,000 gal/yr).
Since the fuel oil is for emergency use
only this should be a conservative assump-

tion.
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The emissions calculations for storage tanks are
given in Appendix B. The annual emissions are given in Tables
6-1 and 6-2. Applicable rates for allowable emissions from fuel

0oil storage tanks are not addressed in the Alaska SIP.




TABLE 6-2
TOTAL POTENTIAL AND ALLOWABLE EMISSTIONS
FOR NEW SOURCES (TONS/YEAR)

NMHC! co Part? S0, 2 ‘

NO,
Potential 22,645 744 4099 586 18.5
Allowable NA3 NA* NA3 2895 35,527

'Assuming all hydrocarbons are non-methane. ‘

2 . . . ~ .
In reality, allowable or controlled emissions of SO; and particulates
should not exceed potential levels.

9=9

’Not Applicable: The Alaska SIP does not specify allowable emission
rates for these pollutants for combustion turbines. Allowable and
potential emissions of these pollutants from gas heaters are the same.
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Environmental Conservation, 18 AAC 50.030, Industrial Processes
and Fuel Burning Equipment (b), Register 42, July 1972,
p. 18-5.

Environmental Protection Agency, Office of Air Quality Planning
and Standards, Monitoring and Data Analysis Division,
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7.0 TOTAL EMISSIONS INVENTORY

To calculate the net impact of the proposed sources on
the Prudhoe Bay air quality, stack parameters, and emission rates
were obtained for all other sources in the Prudhoe Bay area.

These include the new proposed sources of this application, exist-
ing sources in the area which requires no PSD permits, and exist-
ing sources in the area which have previously received PSD per-
mits. With a few exceptions, the emissions rates and stack
parameters of existing sources and previously permitted sources
listed in this application appear exactly as presented in the

PSD application presented by the Unit Operators to EPA Region X
in 1978. The exceptions are 1) a correction was made in the
reporting of the heights of ARCO heater stacks (sources included
in the 1978 PSD permit application submitted by the Unit Opera-
tors, 2) several small existing heaters located at the gathering
centers and at the power station were inadvertently not included
in last years PSD but have been included in this application,

3) the turbines permitted in May 1979 for the Central Power Sta-
tion were modeled as two 50 Mw units (it is presently planned to
purchase four 25 Mw units instead and the total 100 Mw were
modeled as four 25 Mw units in this application), and 4) stack
parameter information has been updated for the North Slope Borough
(previously permitted under the name NANA) waste incinerator (an
existing non-increment consuming source). For the 1978 PSD
application, the original inventory was compiled from the permit
files of the Alaska Department of Environmental Conservation (DEC)

and through discussion with that agency.

The locations of emissions sources in the Prudhoe Bay

area are presented in Figure 7-1. A complete inventory of

_emissions and stack parameters for all sources in the area is

presented in Appendix C.
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8.0 AIR QUALITY IMPACTS
8.1 Methodology
Introduction

All criteria pollutants emitted by the proposed facil-
ity in controlled amounts greater than 50 tons per year were
modeled for the averaging periods for which NAAQS exist. These
are NO_, particulates, CO, and NMHC. The NAAQS which regulate
these pollutants have been promulgated for annual, annual and
24-hour, 8-hour and l-hour, and 3-hour (6 to 9 a.m.) averaging
periods respectively. In the modeling analyses all NO_  is

"assumed to be NO,, although in reality a much lower percentage

of NOX would be emitted as or converted to NO,. Therefore, the

assumption made here is conservative.

The incremental increases in atmospheric pollutant
levels specified in the regulations for Prevention of Signifi-
cant Deterioration (PSD) are defined for particulates and SO,. How-
ever, the total potential emissions of SO, from the new sources are
much less than 250 tons per year. Therefore, EPA regulations
do not require that emissions of SO: from the proposed new
facilities at Prudhoe Bay be examined under the PSD regulations.

Modeling Procedures

The PTMAX model was employed as an initial screening
tool to determine if detailed modeling was warranted. This
model is discussed in Appendix D.

The Texas Climatological Model (TCM) was selected for
modeling all annual impacts. Meteorological inputs to this
model consisted of a joint distribution of stability, wind speed,



3
|15

and wind direction for Barter Island for the period 1958 throug
1964 (Appendix E). Rectangular receptor grids with 2.0 km

and 0.25 km spacings were used. The 2.0 km spacing grid was em-
ployed to identify areas of maximum impacts, which were then in

turn scrutinized with the 0.25 km grid.

The CRSTER and RAM models which are described in
Appendix D were used to perform the detailed short-term modeling.
CRSTER was used to determine the worst-case meteorological con-
ditions and also to assess the magnitude of the impacts to De
expected. One year (1964) of surface meteorological data and
twice daily mixing depth data from Barter Island were selected
as input to CRSTER. The worst-case meteorological conditions as
determined by CRSTER were used as input data for the RAM model
which was employed to assess the final 24-hour particulate, and
3-hour (6 to 9 a.m.) NMHC impacts. RAM uses a honeycomb recep-
tor grid. Again a grid with a 1.0 km spacing between adjacent
receptors was employed to locate maximum impact areas, which in
turn were examined in more detail with a grid having a 0.25 km

spacing.
Sources

The sources modeled consist of existing sources,

sources previously permitted, and the new sources of the proposed

facilities. Their emissions and sources parameters are listed
in Appendix C. The sources of the proposed facilities are not
in the 28 category sources specified in the PSD regulations,
hence they are subject to PSD review only if the uncontrolled
annual emission rates for any of the regulated pollutant is
greater than 250 tons per year. A detailed air quality impact
analysis is required only if the controlled emissions exceed

50 tons per year.
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The total allowable emissions of CO, NMHC, NO_, SOz,
particulates (Section 6.0) for all new sources in the Prudhoe
Bay were exmained to determine the need to perform air quality
impact analyses. Since the controlled emissions of SO, from
he new sources will not exceed 50 tons per year, air quality
impact analyses would not be required based on EPA regulations
(Federal Register, June 19, 1978).

Total carbon monoxide emissions from the new sources
are very low when considered in light of the relatively high CO

concentrations allowed by the primary and secondary standards.

Therefore CO emissions were submitted to some simplified dis-

persion model screening analyses to establish the need to do

more detailed air quality impact modeling.

EPA's guidelines (Federal Register, June 19, 1978)
recommend that screening techniques be used to '"'single out, with
minimum effort, those sources that clearly will not cause or
contribute to ambient concentrations in excess of the National
Ambient Air Quality Standards or allowable concentration incre-
ments' in order to avoid "unwarranted expenditure of resources'.
The UNAMAP computer model PTMAX can be used to conservatively
determine short-term concentrations for all types of plume
dispersion, except fumigation and downwash. This screening

model was applied to carbon monoxide (CO) emissions.

The approach described below for predicting CO levels
is extremely conservative and very unrealistic. However, the
analysis is simplistic and, as a screening tool, useful in

identifying if CO concentrations are of concern.
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Bay as shown in Appendix C. A

e
e 1
eled with PTMAX as if emanating
ourc dv-state Gaussian plume modeling,
maximum ground-level concentrations predicted will always be
nigher if all emissions are modeled as if from one source ¢

ar source interaction is modeled. The sources
at Prudhoe are in fact not all similar, though most of the CO
emissions come from the turbines. To be conservative, all the
emissions were assumed to be released from a 310 mm Btu process
heater equivalent to the summation of process heaters planned
for the SOHIO gathering centers. The plume rise from heaters
is not as great as that from the turbines, and so predicted
ground-level concentrations are greater for similar emission
rates. Smaller heater stack parameters were not used because
the smaller heaters produce a small percentage of the total

CO emissions.

PTMAX predicted a maximum l-hour CO level of 723 ug/m?

during conditions of D stability and a 15 meters per second wind

speed. Since this concentration falls well below the l-hour CO

standard of 40,000 pg/m® and the 8-hour standard of 10,000 ug/m?

it is apparent that further air quality impact analyses are not

warranted.
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8.3 Determination of Area of Significant Impact

The area of significant impact is used to identify
which source, in addition to the proposed new sources, must be

included in the air quality impact analyses.

In the regulations implementing the PSD requirements
of the Clean Air Act, the Administrator (Federal Register 43,
No. 118, p. 26398) indicated that the EPA (because of model
inaccuracies) did not intend to analyze impacts of a proposed
facility beyond 50 km. Also, no analysis will be required for
distances beyond which concentrations due to the proposed facil-
ity fall below certain ''significant" levels. The area beyond
which concentrations are predicted to fall below these signifi-

cance levels is termed the significant impact area. Significance

levels are defined in the regulation and presented in Table 8-1.

EPA requires that the significant impact area must be
determined by the radius method, which consists of the following
procedure: a model such as CRSTER is used to derive the isopleth
of the significance level for a given pollutant and averaging
time. The maximum distance this isopleth extends from the source
is taken as the radius of a circle centered at the source. The
area of this circle is the impact area. Figure 8-1 illustrates
the procedure. It should be noted that the impact area so defined

will always be greater than the significance isopleth.

The annual 1 ug/m® NO, isopleth for the proposed sources
encompasses all existing and other permitted sources in the Prud-

hoe Bay area. Hence they all must be included in the annual

impact analyses for NO;.
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TABLE 8-1
SIGNIFICANCE LEVELS FOR PSD ANALYSIS

Averaging Time
Pollutant Annual 24-Hour 8-Hour 3-Hour l-Hour
TSP 1 ug/m® 5 ug/m’ N/A N/A N/A
S02 1 ug/m? 5 ug/m’ N/A 25 ug/m? N/A
NO, 1 ug/m? N/A N/A N/A N/A
co N/A ~ N/A 0.5 ug/m’ N/A 2 ug/m?

N/A = Not Applicable

Federal Register 43,

wn

ource:
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Since a complete emissions inventory of
and permitted sources in the Prudhoe Bay area has been prepared,
all sources were modeled for all long- and short-term impacts
and ambient air quality standards for NO., particulates, and

NMHC.

This approach has several advantages. First, it is
the most conservative and most inclusive. It also eliminates
the problem of trying to define a center of the area of influ-

)
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ence for a group of proposed sources widely dispersed.

(T




Figure 8-1.

Significance
+=— Isopleth

Source

Radius Method of Determining the
Area of Influence
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Impacts on PSD

For the pollutants emitted in significant levels by
the proposed facility, PSD increments exist only for TSP. The
modeling results indicate that no violations of either the annual
or 24-hour increment for particulates will occur. Also, no

Class I areas will be impacted.

The sources modeled to assess particulate PSD impacts
are sources permitted previously, and the sources of the proposed
facilities. Predicted annual particulate levels are shown in
Figure 8-2. The maximum annual concentration is 0.22 pg/m® which
is well below the 19 ug/m?® limit permitted by the Class II incre-
ment, and also below the 1.0 ug/m’® annual average significance

level.

Using the full year of 1964 meteorological data for
Barter Island CRSTER was exercised to calculate maximum 24-hour
TSP concentrations for every day of the year. Separate runs
were made for the major sources of the proposed facility such
as GC-1, GC-2, and FS-2, as well as Drill Pad E. Julian Day 74
(March 15, 1964) produced the largest impacts for the large
emissions sources, while Julian Day 108 (April 18, 1964) maxi-
mized the impacts from Drill Pad E. However, the impacts from
Drill Pad E were smaller by a factor of 3 to 4 than the impacts
from the other sources. Therefore, Day 74 was selected as being
the most likely to produce the maximum 24-hour impacts. The
meteorological conditions which characterize Day 74 are given
in Table 8-2.

Day 74 is also a day which maximizes the interactive
impacts between the major sources of the proposed facility.
East or west winds have the largest potential for aligning the
greatest number of sources, and Day 74 exhibits a very persistent

east wind.
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TABLE 8-2
METEOROLOGICAL DATA FOR DAY 74 (MARCH 15, 1964)

Direction Toward

Which the Wind Wind Mixing
Is Blowing Speed Height Temperature Stability
Hour (Degrees) (M/s) M (Deg - K) _ Class
1 271.00 112 616.10 235,37 4
2 266.00 1«20 648.32 235.37 4
3 248.00 5.66 680.54 234.81 4
4 250.00 5:14 712.77 234.26 5
5 259.00 8.75 744.99 235.37 4
6 271.00 8.75 777.21 235.92 4
7 274.00 1L, 32 868.00 237.04 4
8 269.00 10.80 895.83 238.70 4
9 272.00 14.40 923.67 240.37 4
10 268.00 14.40 951.50 240.93 4
i 11 270.00 15.43 979.33 242.04 4
: 12 271,00 15.43 1007.17 242.59 4
13 273.00 18.01 1035.00 243.70 4
14 273.00 20.06 1014.83 244,26 4
15 269.00 19.55 1035.00 245.37 4
16 272.00 21.61 1035.00 246.48 4
17 266.00 21.09 1035.00 245.93 4
18 267.00 18.52 1017.95 246.48 4
19 267.00 19.03 994.60 246.48 4
20 270.00 18.52 971.25 245.93 4
21 268.00 19.03 947.91 246.48 4
22 267.00 14.92 924 .56 246.48 4
23 273.00 14.40 901.21 246.48 4
24 274.00 11.32 877.86 246.48 4
Resultant Met Conditions:
Wind Direction = 269.02 Resultant Wind Speed = 14.16
Average Wind Speed = 14.21 Average Temperature = 241.80

Wind Persistence = .997 Modal Stability 4
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Isopleths of maximum 24-hour TSP concentrations as
determined with RAM for Day 24 are shown in Figure 8-3. The
maximum 24-hour ground-level TSP concentrations is 2.1 ug/m’
which is well below the 37 pug/m® Class II increment and also

below the 5 ug/m?® 24-hour significance level.

Table 8-3 summarizes the results for both the annual

and 24-hour TSP PSD analyses.
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TABLE 8-3
IMPACTS ON PSD INCREMENTS FOR PARTICULATES
FOR THE PROPOSED FACILITIES AND
OTHER INCREMENT CONSUMING
SOURCES (ug/m?)

Annual 24-hour
Maximum Maximum
Contribution from previously
permitted sources 0.04 0.5
Contribution from proposed
sources 0.18 1.6

Total PSD Increment Consumption 0.22 2.1
Allowable Class II Increment 19.00 37.0
Significance Level 1.00 5.0
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8.2 Impacts on NAAQS

The modeling results indicate that neither the long-
or short-term NAAQS for NO, or particulates will be exceeded.
The maximum predicted concentrations for particulates are about
18 percent of the NAAQS. Maximum predicted short-term NMHC
levels do not exceed 30 percent of the concentrations specified
in the federal guideline for NMHC. The maximum predicted annual
NO, concentrations approach 70 percent of the concentration per-
mitted by the NAAQS. It was conservatively assumed that all

NO, is NO: in this analysis.

The NO, and particulate impacts on the NAAQS were
evaluated-by assigning the impacts three distinct cbmpbnents:
1) a contribution from an anthropogenic or natural sources
(termed ''background'", 2) a contribution from existing non-PSD
or baseline sources, and 3) contributions from PSD sources
(previously permitted and proposed). Even though no PSD incre-
ments exist currently for NO., the EPA will promulgate NO, PSD
increments in the near future. Therefore, the previous break-
down was provided to give a better overview of the relative

importance of the different components of the NO, impacts.

8.5.1 Annual and 24-Hour TSP Impacts on NAAQS

Natural background levels for pollutants in the Prud-
hoe Bay area are given in Table 4-3. For TSP a range of 6 nug/m?
to 9 pg/m?® is indicated. To be conservative, a value of 9 ug/m’

was used for TSP background.
Neither the maximum annual or 24-hour PSD impacts,

Figures 8-2 and 8-3, ever exceed the respective levels of

significance of 1 ug/m® and 5 ug/m®., This implies that no
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area of significant impact exists, and according to PSD guide-
lines, no further NAAQS impact analysis is necessary. However,
for the sake of completeness, the total impact for all existing
and PSD sources was determined. The resultant annual isopleths,
which do not include the background of 9 ug/m® are shown in
Figure 8-4. The maximum annual impact of 3.7 ug/m? is due

entirely to existing sources.

The maximum impact produced by the proposed sources
in conjunction with the other PSD and existing sources is pre-
dicted to occur at the receptor where the PSD increment 1is
maximized. The total annual impact due to all sources at this
receptor is 0.40 ug/m®. This location is identical to the

location of maximum annual average TSP concentrations shown on

Figure 8-2.

Similar arguments also apply to the 24-hour impacts.

go

RAM modeling of the existing and PSD sources (which include the
proposed facility) show a maximum impact on 24-hour NAAQS of
3.2 ug/m® for Day 74 at the point of maximum PSD impact. These
results are presented in Table 8-4. The annual and the 24-hour
particulate impacts are less than 17 percent and 9 percent,

respectively, of the levels allowed by the NAAQS.
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TABLE 8-4

IMPACTS ON NAAQS

FOR TSP PROD

UCED BY THE PROPOSED

FACILITIES AND ALL OTHER SOURCES*

(sg/m?>
Predicted Total Computed Secondary
Concentration Background NAAQS TImpacts NAAQS
Annual 0.40 9.0 9.40 60
24-Hour 3.2 9.0 12,2 150

* Maximums are reported for the ar

Higher impacts occur in areas o
alone. However, the proposed s
these locations.
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8.5.2 Annual NO, Impacts

NO, is the pollutant emitted in greatest quantity by
the proposed facility. Currently, only an annual standard

exists for NO,.

Based on the data given in Table 4-3, a background

NO, concentration of 1 ug/m?® has been assumed.

From an analysis of the modeling results for NO:,
it was found that the maximum impact area for all sources (pro-
posed, previously permitted, and existing) did not coincide
with the area of maximum impact produced by the proposed sources
alone. The maximum impact of all sources plus the background
levels is the concentration which determines compliance with
the NAAQS. However, in the current analysis this maximum
impact is dominated by contributions from the existing sources.
The proposed sources do not contribute appreciably. Therefore,
to fully assess the impact of the proposed sources, the ambient
NO, concentrations in the areas of their maximum impact have

also been determined.

In addition, to assess the relative impacts of the
proposed sources, contributions from proposed sources and from
other previously permitted sources have been reported separ-

ately.

The annual NO, concentrations produced by the proposed
sources only are shown in Figure 8-5. The maximum impacts are
about 6.0 ug/m®. Refined modeling of this area of maximum
impacts with a grid having a 0.25 km spacing shows no localized
impacts greater than 6.1 ug/m®. The contributions from other

permitted and existing sources to the annual NO, concentrations
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at this point were also determined. These are summarized in
Table 8-5. The total impact of all sources including the

background is 13.2 ug/m’.

The annual NO, concentrations produced by all sources
(proposed, previously permitted, and existing) are shown in
Figure 8-6. Again, the area surrounding the maximum impact of
51 pg/m® was remodeled with a grid having a spacing of 0.25 km.
The culpability option of TCM was also exercised. A number of
localized concentrations greater than 51 pg/m® were found. The
maximum NO, levels found were 68 ug/m® at two different recep-
tors. Ninety five percent of these maximum levels are attribut-
able to existing non-Unit sources. The exact contribution of
the different source types is shown in Table 8-5. The total
predicted maximum annual NO, impact, including the background

is 69.4 pg/m”.
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TABLE 8-5
MAXIMUM PREDICTED ANNUAL NO, CONCENTRATIONS (ng/m?)

Concentration at

Concentration at Location Location of Maximum
of Maximum Impact Due Impact due to Proposed

Pollutant Sources to all Sources Sources Alone
Background 1.00 1.00
Existing Sources 67.12 4.92
Previously Permitted

Sources 023 1.21
Proposed Sources 1.00 ' 6.09

¢¢-8

Total of All Sources 69 .35 13.22
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8.5.3 Non-Methane Hydrocarbon Impacts

The existing federal guideline for non-methane hydro-
carbons serves as an index for assessing compliance with the
NAAQS for ozone. In this study the total hydrocarbon emissions
from all existing and proposed sources in the Prudhoe Bay area
were modeled to calculate maximum 3-hour (6 to 9 a.m.) levels
for comparison to the federal guideline. A background NMHC
level of 40 ug/m?® (Table 4-3) was assumed.

Maximum ozone concentrations, however, were not calcu-

lated through dispersion modeling predictions for several reasons.

First the EPA-published Compilation of Air Pollution Emissions

Factors (AP-42, Section 3.3.2) states that, on the average, non-

methane hydrocarbon emissions make up only 5 to 10 percent of

the total hydrocarbon, from heavy-duty, natural gas-fired turbines.

Specifically, the natural gas composition reported in Appendix B,
p. B-1 demonstrates that methane (column 4) and other short-chain
hydrocarbons comprise the largest mole percent of the fuel. For
the purposes of comparing predicted hydrocarbon levels to the
federal guideline, it was assumed in this study that all hydro-
carbons emissions are non-methane. Therefore the calculated
emissions and predicted concentrations are conservatively high.
In reality then, the potential NMHC emissions from the proposed
new sources should be much less than the calculated total hydro-
carbon emissions of 739 tons per year (Table 6-2) and, in fact,
should be less than 250 tons per year.

Secondly, because of its location at high latitudes,
Prudhoe Bay receives relatively little incoming solar radiation,
even during the summer months. This is reflected in the monitor-
ing data collected at Point Barrow which shows no summer ozone

maximum as is often measured at monitoring sites located at lower
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latitudes. Therefore, there is no clear justification for esti-
mating ozone levels at Prudhoe Bay by modeling the photochemical

reactions of non-methane hydrocarbons with other ozone precursors.

CRSTER runs were made for the major hydrocarbon emit-
tors of the proposed and previously permitted increment consuming
sources. The CRSTER summary lists the fifty 3-hour time periods
which produce the maximum 3-hour impacts for a given year. Of
these 50 only 2 correspond to time period 3, which is 6 to 9 a.m.
For these two, Day 15 (January 15, 1964) produced the larger
impact and was selected for the 3-hour impact analysis with RAM.
A number of other 3-hour periods for this day also appear in the
list of the highest 3-hour concentrations; which lends additional
credence to selection of day 15. The meteorological conditions

for time period 3 are summarized in Table 8-6.

The maximum 3-hour NMHC impact of 9.6 ug/m® was deter-
mined by modeling all existing, and proposed sources with RAM.
Seventy-seven percent of this impact is attributable to the
existing source, ARCO P-324, a set of turbines which have the
largest hydrocarbon emission rate of all sources permitted and
existing. The total impacts are summarized in Table 8-7. The
maximum hydrocarbon emission rate for the proposed new sources
is smaller by a factor of 4 than that of ARCO P-324, while the
remaining stack parameters are comparable. Therefore, the
impacts from the proposed new sources will be less than the
total impacts reported in Table 8-7. Since ARCO P-324 does not
threaten the NAAQS, neither should the proposed sources.
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TABLE 8-6
METEOROLOGICAL DATA FOR JANUARY 15, 1964, PERIOD 3

Direction Toward

Which the Wind Wind Mixing
is Blowing Speed Height Temperature Stability
Hour (Degrees) M/s) (M) (Deg - K) Class
7 82 15.4 495 250 4
8 79 15.9 507 250 4
9 80 17.0 519 250 4
8-26
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MAXIMUM 3-HR IMPACTS ON GUIDELINE FOR NMHC

3-Hour
Predicted Maximum Total NMHC Guideline
3-Hr NMHC Impact Background Impact (6-9 am)
(ug/m?) (ug/m?) (vg/m*) (ug/m”)

9.6 40, 49.6 160
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8.6 Impacts of Downwash

The stack heights of the proposed facilities will be
lower than the Good Engineering Practice (GEP) height that is
calculated from the empirical equation provided in the proposed
stack height rules of the January 12, 1979 Federal Register.

Because of the’ low stack-to-building height ratio (approximately

1 to 1 at the gathering centers), EPA Region X requested that
the Unit address downwash for the proposed combustion-turbines

and gas heaters.

Use of the following methods of accounting for down-
wash were discussed and agreed upon at the pre-application meet-
ing. From turbine plumes, the effective intermediate and final
plume heights as predicted by the Briggs plume-rise equations
which are part of the EPA models, would be multiplied by 0.7 for
periods of unstable or neutral atmospheric stability. This
plume-rise reduction factor accounts for the entrainment of
cooler ambient air being forced into the plume by the normally
horizontal wind arching over the turbine housing. The effects
of building wakes on process-heater plume dispersion would be
accounted for by Huber's method of enhancing dispersion coeffic-
ients (Huber, 1979). A description of these methods for treat-
ing downwash and the modification of the EPA models used in this

study to include these treatments are discussed in Appendix D.

To determine the impact of the downwash of heater
plumes, the Unit complex with the greatest number of proposed
new heaters and the greatest total heater NO_  emissions was
examined. Therefore, the five heater stacks proposed at the
Gathering Center Number 2 were subjected to downwash modeling.
Since the impacts of downwash on ground-level pollutant concen-

trations should be significant only within short distances of

8-28




sources (less than about 1.0 to 2.0 kilometers downwind), the
interactions among downwashed plumes produced from new sources

at separate locations in the Unit were not examined.

From the other modeling analyses reported in this
study, it was determined that, compared to other pollutants,
emissions of NO, had the most significant impact on a primary or
secondary NAAQS. Therefore, NO  emissions were modeled in the
downwash analyses. In this analysis it was assumed, for conserv-

atism, that all NO_ was converted to NO-..

First, a stack building configuration was assumed,

because final dimensions and exact locations fcr the new facil-

ities have not yet been definitizéd. Based on an examination of
the geometry of existing facilities, conservatlvVe DULLCLlL 5
dimensions were chosen for the downwash analysis. Existing

rs and

heights of buildings containing heaters at gathering cente
flow stations are 18.3 meters or less, so a building height of
18.3 meters was assumed. As the building height increases, the
maximum ground-level concentrations predicted by the inclusion
of Huber's equations in the models became larger. Therefore, the

assumption of an 18.3 meter height is conservative.

A minimum building length was assumed for the down-
wash analysis because Huber's equations show that the predicted
concentrations are inversely proportional to building length.
Stacks are spaced approximately 14 meters apart. along buildings
at existing gathering centers and this stack spacing was
assumed for the downwash analysis. Since five new heater stacks
will be located at Gathering Center 2 a conservative building

length of 60 meters was assumed.

The RAM model was applied in this analysis and altered

to include Huber's equations. A set of 23 receptors extending
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downwind of the stack with the greatest emissions and aligned
normal to the building side was input to the RAM model. The
first three receptors were spaced ten meters apart starting at

a distance of 70 meters from the building and the remainder were

spaced 100 meters apart out to a distance of two kilometers.

Meteorological inputs consisted of twenty combinations
of stability classes and wind speeds likely to induce downwash.
These included the Pasquill-Gifford B, C, D, E, and F stabilities
and wind speeds of 3 to 17 meters per second. Stability Class A
was ignored because of a tendency of Huber's method to decrease
rather than increase concentrations beyond the immediate source
area and also because A stability rarely occurs in the Arctic.
Severe downwash is not likely to occur at wind speeds of less

than three meters per second (EPA, October 1977).

The program was executed both with and without Huber's
modifications for various stack heights. Results showed that
with downwash the maximum l-hour NO, level reached 186 ug/m® at
a distance of 70 meters from the building. This compares to a
predicted NO, concentration without downwash of 0 ug/m?® at the
same location, under the same dispersion condition (D stability,
17 miles per second wind speed). Annual modeling results (without
downwash) show that the new heaters at Gathering Center 2 add only
2 to 3 ug/m® at the receptors immediately adjacent to the complex.
This compares to a total predicted annual NO, concentration of
about 7 to 10 ug/m® in the immediate vicinity of the gathering
center and due to all sources. If it were conservatively
assumed that the ratio of maximum l-hour to annual levels were
5 to 1%, then the total annual NO; concentrations at 0.7 kilo-

meters downwind of the new GC-2 heaters should not exceed about

*Larson's (1971) data shows that the ratio of maximum l-hour to
annual pollutant levels can range from about 40:1 to 70:1. These
data were obtained from air quality monitoring programs conducted
from 1962 to 1968 at 8 major cities in the United States.
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40 ug/m®. At distances beyond 0.3 kilometers from these sources

model predictions show that the consideration of downwash results
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in maximum l-hour NO concentrations equal to or lov
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predicted with no downwash. Therefore, the NAAQS of 100 ug/m
(annual average) for NO, would not be threatened as a result of

downwash generated in the wake of the gathering center module.
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9.0 IMPACTS ON SOILS AND VEGETATION

The pollutants of major concern with respect to
impacts on soils and vegetation are total suspended particu-
lates, oxides of nitrogen and NO, converted to particulate
nitrates. In general, surface soils and natural vegetation
are expected to act as a sink for most of these atmospheric
pollutants from the proposed Prudhoe Bay oil field areas.
That is, the surface soils and vegetation normally remove a
portion of the atmospheric pollutants by surface adsorption

and other processes.
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Soils

Soil Characteristics

The Arctic coastal plain province in which the Prudhoe
Bay sites are located constitutes a relatively large, uniform
landscape unit. It 1is charaéterized by low topographic relief,
numerous lakes and ponds, polygonalized ground-pattern, and a
non-integrated drainage system of numerous meandering streams
(Black, 1969, pp. 283-299; Brown et al., 1970, p. 148; Brown et
al., 1971, p. 282). Permanently frozen ground underlies the
entire region with the depth of the active layer (maximum depth

of thaw) commonly being no more than 1.5 to 3 feet.

Soils characteristics of cold temperatures and poor
drainage dominate, most of which are Inceptisols (tundra and
half-bog soils) with Histosols (bog soils) being the most com-
mon associates (Brown, 1967, pp. 686-691; Brown, 1969; Drew et
al., 1961, pp. 109-116).

Most of the tundra soils are probably Pergelic Cry-
aquepts and most of the half-bog soils are probably Pergelic
Cryohemists and Pergelic Cryosaprists (Gersper et al., 1975,
pp. 737-744)

At an international level, the soils of this area
have been classified as Gelic Gleysols (UNESCO, 1975) of the
Coastal Plain Province. Much greater areas of Gelic Gleysols
are believed to occur as subdominant associates of the very
extensive areas of Gelic Regosols occurring within the Arctic.

These soils comprise a wide variety of textures and

parent materials ranging from coarse glacial till and out wash

9-2




to a variety of marine sediments. The t

r

1in solum and weak pro-
file development is mainly the result of the severity of the
Arctic climate, the slow pedologic processes and the presence

of permafrost.

In general, these soils reflect conditions of wetness.
They are high in organic matter, strongly acid and may have low
base status. High moisture contents, low temperatures, and re-
ducing conditions prevail. The soils are underlain by peren-
nially frozen ground, with maximum depth (UNESCO, 1975) of thaw-
ing about two feet. Generally, a rather thin histic horizon over-
lies a silty clay loam mineral horizom. The mineral horizons are
admixed with humidifed peaty material which often occurs in suffi-
cient quantity to qualify them as histic. Often a distinctively

peaty layer is encountered at a depth of eight inches or so.

ance and preservation of equilibrium between active and perma-
frost layers poses important problems in management. The
effects of destroying protective surface cover, with consecutive
deepening of the saturated active layer by thawing of the under-
lying permafrost, has been shown to have drastic and permanent

effects on the natural ecological balance (UNESCO, 1973).

Impacts on Soils

As mentioned before soils act as a significant sink
for both NO_ and particulates, all of which are removed from
the air and absorbed on the soil and plant surfaces. The rate
of adsorption is dependent upon distance from the source, their
concentrations in the air, soil properties, density of vegeta-
tion cover, and prevailing hydrological and meteorological

conditions.
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The end product of soil sorption is nitrate. Maximum

predicted annual concentrations of NO, would reach about 60 - 70
ug/m®. The maximum 24-hour particulate levels may reach 2 ug/m?

and annual particulate levels would be less than 0.5 ug/m?>.

It appears that the quantities of nitrates, thus added
to. the soil and assimilated into soil-plant system will be insig-
nificant as compared with that normally present in these soils.
Thus the amounts of pollutants added in the vicinity of the
Prudhoe Bay 0il Field should exert a negligible impact on the

soils of the areasa.
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9.2 Vegetation

In general, plant growth in the Prudhoe Bay area occurs
only during a three-month period (June through August) when the
upper portion of the permafrost has thawed. The severe climatic
environment found in this area has restricted the number of

native plant taxa to approximately 70.

Vegetation Communities

A total of only four major vegetation communities
have been defined that occur within the area. The wet sedge
meadow community is the most prevalent while the aquatic lake
community consistutes much of the remainder. Floodplains and
cutbank communities are restricted to the area immediately adja-
cent to the Sagavanirktok and other rivers. Inland the elevation
increases, drainage is improved, and the vegetation community
changes to a cottongrass meadow. Lists of plant species associ-
ated with each community and adapted from Spetzman (1959) are
shown in Appendix F. This type of information is provided at

the request of the Alaska DEC.
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Impacts on Vegetation

There is at present no recreationally or agricultur-
ally valuable vegetation located in the vicinity of the proposed
facility. It can be expected that the area possesses wildlife
value, but that value should decrease in proximity to the facil-
ity due to the level of human presence. The value of the existing
vegetation communities adjacent to the facility would be measured
more in esthetics, and the function of the vegetation in sub-

strata stabilization, hydrologic, and erosion characteristics.

There is currently no available information on the

tolerance levels of the high arctic plants for criteria ai

=
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lutants. The probable impacts of the proposed facility

0
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however, be inferred from the tolerance levels determined for
plants native to lower latitudes. Table 9-1 has been taken from
Heck and Brandt (1977) and indicates the threshold level for
acute toxicity to plants. Comparing the lower range for NO,
effects on sensitive plant taxa, 3,000 ug/m®; the predicted
annual levels of 60 - 70 ug/m® would indicate no acute effects
could possibly be expected.

Chronic effects from long-term exposure may be ex-
tremely diffucult to either define or quantify. Long-term (22
days) exposure to low levels of NO, (950 ug/m?) has been reported
to result in reduced productivity of a sensitive plant species
(Jacobson and Hill, 1970). The levels of pollutant tested by
far exceed the expected concentrations resulting from around
the proposed facility. Although chronic effects due to long-
term exposure to extremely low levels of NO  cannot be ruled out

entirely; the possibility of their occurrence is remote.
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TABLE 9-1. NITROGEN DIOXIDE: PROJECTED POLLUTANT CONCENTRATIONS FOR
SHORT-TERM EXPOSURES THAT WILL PROVIDE ABOUT FIVE PERCENT
INJURY TO VEGETATION GROWN UNDER SENSITIVE CONDITIONS®

f

Concentration (ug/ma) Producing Five Percent
Injury by Plant Susceptability Groupings

Exposure Time Sensitive Intermediate Resistant

(hours) Plants? Plants Plants3

0.5 11,502 - 23,004 19,170 - 47,925 ‘ > 38,340

1.0 5,751 - 19,170 17,253 - 38,340 > 34,506

2:0 4,793 - 14,378 13,419 - 28,755 > 24,921

iﬁ 4.0 3,834 - 11,502 9,585 - 23,004 > 19,170
8.0 2,876 - 9,585 7,668 - 17,253 > 15,336

=== —

lHeck and Brandt (1977).
2Example: nitrogen dioxide; alfalfa, barley, cotton, pine, and squash

3Example: nitrogen dioxide; corn, oak, cantaloupe




The predicted incremental increases in maximum annual
and 24-hour total suspended particulate levels are much lower
than the significance levels of 5 ug/m? and 1 ug/m?®, respectively
for these averaging periods. These levels are far below those

considered to have detrimental effects on vegetation in the area.
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10.0 IMPACTS ON VISIBILITY
Particulate matter of small diameter or aerosols

Hh

formed by the conversions of SO, and NOX emissions to nitrates
and sulfates could potentially cause some impairment to the
visibility in the Prudhoe Bay area. However, the total increase
in emissions of particulate matter of all size ranges should be
less than 130 tons per year as a result of the proposed new
sources. In addition maximum incremental increases in 24-hour
and annual TSP concentration should both be less than 2 ug/m?®.
Therefore, the emissions of additional particulates should not

significantly impact visibility in the area.

Enhancement of fog and ice fog formation in the study

area may result from the proposed plant plumes, exhausts from
the associated additional vehicles and buildings, and the res-
piration of the increased number of persons in the area. These

al

5

e
additional fogs and ice fogs may result in an incremen

reduction in wvisibility in the Prudhoe Bay area.

Meteorological observers at the Deadhorse Airport
have noted enhanced fog and ice fog occurrence in the settle-
ments and contractors' camps in the Deadhorse area. Weather
forecasts in the winter sometimes include mention of ice fog
development in the camps. These ice fogs have been observed to
advect downwind from the camps, and according to meteorological
observers, the Deadhorse Airport sometimes receives ice fog
created or enhanced in development by the settlement immedi-

ately to the northeast.
Based on the most frequent wind directions shown on

the annual wind rose for the Deadhorse Airport (Figure 4-3),

any significant incremental impairment of visibility by fog or
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restricted primarily to the Prudhoe Bay oil field although
sibpility impairment may occur in the vicinity of

|
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horse area and the ARCO Base Camp airstrip.

|

A thick haze is visible over the Arctic Ocean each
spring (Kerr, 1979). Visibility aloft is often reduced from
more than 100 kilometers to less than 10. The cause(s) of the
Arctic haze is not certain, but long-range transport of sulfates
generated from European industry is suspected. Some haze 1is
likely to occur in the immediate Prudhoe Bay area as a result of
the new facilities, but should not have a discernible effect on

the widespread Arctic haze.

To be conservative in determining impacts on ambient
air quality standards, the emissions of nitrogen oxides (NOK)
from the new facilities are all assumed to be nitrogen dioxide
(NO,). The largest portion (probably greater than 90 percent)
will actually be nitric oxide (NO) which is a colorless gas
(Ozkaynak et al., 1979). However, NO reacts in the atmosphere
to form NO,, a yellow-brown gas, and nitrates (N03), both of
which may impair visibility (Latimer and Bergstrom, 1979).
Rudolf Puschel of NOAA has confirmed (1970) that NO  emissions
from a refinery are rapidly converted to nitrate particulates.
The diameter of the particles mostly exceeds 0.5 microns, and
the particles do cause visibility impairment. However, unlike
sulfate particles, the nitrate particles quickly agglomerate to
a size which falls out of the atmosphere either as dry matter
or as precipitation nuclei. Because of this rapid fallout, it
seems unlikely that the NO  emissions of the proposed facilities

would affect visibility outside the Prudhoe Bay area.
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The oil development on the North Slope was originally

longer

O
g9

suspected of contributing to the Arctic haze, but is n
considered to be a significant factor (Shaw, 1979). The haze has
been reported since the 1950s, well before the oil development
began. Vanadium and manganese are found in the haze particles,
but are almost nonexistent in fuel-oils burned in Alaska. They
are, however, abundant in the fuels burned in Europe and the

contiguous United States.

Incremental impacts on the frequency and severity of
reduced visibility are likely to be insignificant compared to
any impacts resulting from existing sources. Furthermore, the
areas of major concern with respect to visibility impairment
are the PSD Class I areas. No Class I PSD areas are located
within 900 kilometers of the Prudhoe Bay area. Therefore, no

impact on visibility in Class I areas is expected.
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11.0 IMPACTS OF CONSTRUCTION AND GROWTH

13 .1 Construction

Due to the harsh climate on the North Slope, all of
the proposed equipment will be fabricated in the contiguous
United States. The equipment will be fabricated in modular
components, barged north during the summer months, and installed
on site. In addition, these new modules will be installed on
existing or expanded gravel pads. The only construction impacts
on air quality consist in the relatively minor amounts of pollu-
tants emitted from trucks, small construction machinery, and
supporting equipment. These engines emit minor amounts of hydro-
carbons, sulfur dioxide, carbon monoxide, nitrogen oxides, and
particulate matter. The contaminants would be exﬁected to cause
localized, temporary effects upon existing air quality, but are
not expected to cause any adverse effects beyond the Prudhoe

Bay area.

Fugitive dust emissions would probably be the most
noticeable impact during construction. The amount of dust would
vary from day to day, depending on the level of activity and
the weather. Overall, fugitive dust from construction activi-
ties should add only minimally to existing background particu-
late levels in the area. Various control techniques will be
used as necessary to meet state criteria, which specify that
reasonable precautions must be taken to prevent particulate
matter from becoming airborme.
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11.2 Growth

After construction and start-up of the new facilities,
it is anticipated that there would be little growth in support-
ing industries to the Prudhoe Bay area by the Unit Owners or
others. Consequently, the proposed new facilities are not ex-
pected to have a pollution impact other than that discussed in

this application.

Increases in living quarters or traffic resulting
from the enlarged work force at the Prudhoe Bay oil field will
be small. The permanent total work force required to super-
vise, operate, and maintain the new facilities is estimated to
be about 100. This compares to an existing work force,
present at any one <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>